Direct inhibition of chicken gizzard smooth muscle contractile apparatus by caffeine.
The mechanism of the inhibitory effect of caffeine on smooth muscle contraction was examined using chicken gizzard. Caffeine (0.1-5 mmol/l) inhibited the KCl-induced contraction of the muscle with an IC50 of 1.1 mmol/l. Forskolin (0.01-10 mumol/l) also inhibited KCl-induced contraction. The inhibitory effect of caffeine was potentiated by a low concentration of forskolin (0.3 mumol/l) and the inhibitory effect of forskolin was potentiated by a low concentration of caffeine (0.1 mmol/l). Although caffeine and forskolin increased tissue cyclic AMP levels, caffeine inhibited the KCl-induced contraction more strongly than forskolin at a given cyclic AMP level. Caffeine (1-40 mmol/l) inhibited the contractions induced by 3 mumol/l Ca2+ in Triton X-100-permeabilized muscle. Caffeine (1-40 mmol/l) inhibited the phosphorylation of 20 kDa myosin light chain (MLC) in native actomyosin preparation and the inhibition was enhanced by decreasing the ATP concentration in the reaction medium. Calmodulin (CaM) activity, as monitored by Ca2+/CaM-dependent erythrocyte membrane (Ca2+ + Mg2+)-ATPase, was not affected by 20 mmol/l caffeine. Time-dependent dephosphorylation of MLC upon removal of Ca2+, an indicator of phosphate activity, was not affected by caffeine. Caffeine also inhibited the Ca2(+)-independent contraction in thiophosphorylated permeabilized muscle. These results indicate that caffeine inhibits smooth muscle contraction by a direct inhibition of MLC kinase and actin-myosin interaction. A part of the inhibitory effect may be mediated by cyclic AMP-dependent mechanism(s).